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ABSTRACT 
 
Transport Canada has the responsibility for regulating Arctic shipping in Canada as 
part of the Arctic Shipping Pollution Prevention Regulations. A Zone-Date System 
(ZDS) is used North of the 60° latitude.  The ZDS is based on historical data of ice 
conditions up to the early 1970’s and on the premise that the ice conditions are 
consistent from year-to-year.  The ZDS consists of sixteen of geographic regions 
(Zones) and an associated Table that indicates the dates that each class of vessel is 
allowed in each geographical region. The Arctic Ice Regime Shipping System 
(AIRSS) is used by vessels wishing to access the Arctic Control Zones outside 
permissible dates for the vessels. The AIRSS, in contrast, allows shipping based on 
the actual, not historical, ice conditions.  
 
The objective of this study was to find how climate change would influence the 
veracity of the Zones and Dates used in the ZDS. This paper presents a methodology 
to evaluate Canada’s Arctic shipping Regulations. The methodology comprises of 
analyzing the ice conditions in the North West Passage (NWP) shipping lanes and the 
access routes to the Port of Churchill in Hudson Strait. The existing and potential 
changes to ice regimes in the NWP and Hudson Strait shipping lanes due to the 
seasonal temperature variations and due to impact of climate change are examined. 
The length of the shipping season in the NWP and Hudson Strait is analyzed for each 
Zone by both the ZDS and the AIRSS, and both systems are then compared.  
 
CLIMATE CHANGE STUDIES IN THE ARCTIC 
 
Many studies investigating the climate trend have been done. The majority of them 
indicate that the perennial sea ice cover in the Arctic is declining. Comiso (2002) 
 694
points out that the satellite data from 1978 to 2000 indicate a decline in sea ice cover 
in the Arctic as 9% per decade. Cavalieri et al. (1997) analyzed passive microwave 
satellite observations from 1978 to 1996 and found that the sea ice cover in the Arctic 
decreased by 3% per decade. The 3% per decade reduction in ice extents has also 
been reported for the Arctic Ocean with the greatest reduction occurring during the 
spring and summer period (Parkinson et al. 1999). Zhang et al (2000) show a 
warming trend for the fall season across the Queen Elizabeth Islands in daily 
maximum and daily minimum temperatures for the period from 1950-1998. Flato and 
Brown (1996) investigated the sensitivity of landfast ice to potential climate change 
and found that warming causes a decrease in maximum ice thickness and an increase 
in the length of the open water season. Rothrock et al. (1999) analyzed and compared 
ice draft measurements obtained from submarine cruises between 1958-1976 and 
1990. They found that ice draft in 1990 is over one metre thinner than that measured 
between 1958 and 1976. They also found a declining trend at a rate of 0.1 m per year 
between years 1990 and 1993-1997. Dumas et al (2004) used meteorological data 
from Tuktoyaktuk station and a one-dimensional thermodynamic sea ice model (Flato 
and Brown, 1996) for simulating the ice thickness and land-fast ice duration under 
possible climate change scenarios. He found that the annual temperature increase of 
4°C would decrease the ice duration by 3 weeks. The most complete work in context 
of the Canadian north is the analysis of ice conditions by the Canadian Ice Service 
over the period 1969-2001 (Falkingham et al. 2002). They also found there is a trend 
in ice cover decrease and increase in the length of the shipping season. 
 
A number of studies exist, which indicate that there is apparent trend in first-year 
(FY) ice melt in the Canadian Arctic Archipelago. FY ice melt will allow more multi-
year (MY) ice reaching the NWP and the Beaufort Sea pack ice shifting south. This 
scenario will make shipping in the NWP equivalently challenging and hazardous to 
nowadays even if the climate warms (Wilson et al 2004, Howel and Yackel 2004, 
Melling 2002, Falkingham et al. 2001). 
 
The existing work suggests that the climate change will influence the ice conditions 
in the Canadian Arctic shipping lanes. The volume of vessel traffic and vessel speed 
will increase with the predicted ice cover extent decrease, which will result in higher 
potential for vessel damage and pollution.  
 
REGULATORY SHIPPING SYSTEMS  
 
Transport Canada has the responsibility for regulating Arctic shipping in Canada as 
part of the Arctic Shipping Pollution Prevention Regulations. This is done using a 
Zone-Date System (ZDS), which is based on the premise that nature is consistent 
from year-to-year. It consists of sixteen geographic regions (Zones) and an associated 
Table that indicates the dates that each class of vessel is allowed in each geographical 
region. The severity of ice conditions in the Zones is determined by a number 
assigned to each Zone, having the most severe Zone numbered 1 and the least severe 
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Zone numbered 16 (Figure 1). The Zones and Dates are based on historical data on 
ice conditions up to early 1970’s. The ZDS is described in detail in ASPPR 1989. 
Climate change could have a significant influence on the veracity of the Zones and 
Dates. 
 
Transport Canada, in consultation with Stakeholders, has made extensive revisions to 
the Regulations through the introduction of the Ice Regime System (ASPPR 1989; 
Canadian Gazette 1996; Equivalent Standards 1995; AIRSS 1996). The changes are 
designed to reduce the risk of structural damage to ships which could lead to the 
release of pollution into the environment, yet provide the necessary flexibility to 
Shipowners by making use of actual ice conditions, as seen by the Master to 
determine transit. Arctic Ice Regime Shipping System (AIRSS) is a Regulatory 
Standard of the ASPPR. It allows shipping based on the actual, not historical, ice 
conditions. At the present time, it is used exclusively outside the ZDS (i.e. for the 
access of the Arctic Control Zones outside permissible dates for vessel), with special 
requirements for its use. 
 
In AIRSS, each vessel is assessed and assigned to a Vessel Class, which reflects the 
vessel’s strength and displacement. Risk of damage to a vessel is taken into account 
using Ice Multipliers given by a Table of Ice Multipliers. Ice Multipliers are different 
for different class of vessels and different ice types. The values of the Ice Multipliers 
are adjusted to take into account the decay or ridging. The AIRSS is based on a 
simple arithmetic calculation that produces an “Ice Numeral” that combines the ice 
regime and the vessel’s ability to navigate safely in that region. The Ice Numeral (IN) 
is based on the quantity of hazardous ice with respect to the ASPPR classification of 
the vessel. If the Ice Numeral is negative, the ship is not allowed to proceed into the 
ice regime and it must find an alternate route. However, if the Ice Numeral is zero or 
positive, the ship is allowed to proceed. Table of Ice Multipliers and description of IN 
calculation can be found in AIRSS (1996). 
 
Canadian Hydraulics Centre was asked by Transport Canada to put the AIRSS on a 
scientific basis. As a part of that project a number of factors that could affect the Ice 
Numeral were examined. Four different methods that could improve the AIRSS are 
described in details in Timco and Kubat (2002). The methods were discussed with the 
Regulators, Ship Operators and Captains (Timco et. al., 2004).  Based on discussions, 
the modified approach to AIRSS was found the most suitable. In this approach, the 
existing Table of Multipliers would be used and a bonus of +1 would be given to the 
Ice Multipliers of first-year ice for vessels of Type B class and higher if three 
conditions are fulfilled: Master with a certain number of years of experience, very 
good ice detection equipment, and summer (low strength) ice conditions. An analysis 
of data obtained from Fednav vessels (Timco et al. 2004, 2005) supports this 
approach, i.e. the fact that the operators with well-equipped ice-strengthened vessels, 
experienced Masters and reliable navigation equipment should be rewarded. 
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This paper presents new methodology developed to analyze the impact of climate 
change and/or seasonal temperature variation on the veracity of the Zones and Dates 
used in the ZDS. The study focuses on the portion of the Canadian Arctic that covers 
the Northwest Passage as well as the access to the port of Churchill through Hudson 
Strait. The analysis examines the existing and potential changes to ice regimes in the 
NWP and Hudson Strait shipping lanes due to the climate change. The length of the 
shipping season for colder than normal and warmer than normal summers is analyzed 
for each Zone by both the ZDS and the AIRSS. Both systems are then compared.  
 
ANALYSIS 
 
Seven meteorological stations (Tuktoyaktuk, Inuvik, Cambridge Bay, Resolute, Pond 
Inlet, Iqaluit, and Coral Harbour) representing the communities that lie along the 
Northwest Passage and in the approaches to Churchill were selected as locations 
where historical weather data have been collected. These were used to identify the 
changes that have occurred in the regions over the past 30 years (1968-2004). The 
stations are shown in Figure 1.  
 
Figure 1: Shipping Safety Control Zones in Canada, Meteorological Stations used for 
Air Temperature Analysis (from left on NWP route: Inuvik, Tuktoyaktuk, 
Campbridge Bay, Resolute, Pond Inlet; from left in Hudson Strait: Coral Harbour, 
Iqaluit), and Shipping Routes in Northwest Passage and in Hudson Strait  
 
Daily air temperatures measured at the met stations were supplied from the Canadian 
Ice Service. The files contain information on daily minimum, maximum and mean 
(average) temperature. Since the files don’t include sufficiently detailed data that 
could have been analyzed on hourly basis, a “melting degree” approach was used as 
the indicator for ice melt. The melting degree (MD) was calculated as the reported 
average temperature greater than or equal to 0qC for each day throughout the year. 
The cumulative melting degree (CMD) was calculated as a sum of melting degrees 
for each individual year and was plotted over the 30-year range for each station 
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(Figure 2). The average annual CMD was calculated for the whole Arctic 
(represented by an average CMD of the seven met stations) and plotted in Figure 3. 
As can be seen, there is high inter annual variability in CMD for both the individual 
stations and the whole Arctic. The high degree of variability from one summer to the 
next has important implications to marine operations in the Canadian Arctic as ice 
conditions encountered from one year to the next can also be highly variable.  To 
investigate the effect this inter annual variability has on the Zone-Date system for the 
Northwest Passage, representative “colder than normal” and “warmer than normal” 
summers across the control zones that compose the Northwest Passage as well as the 
access routes to the Port of Churchill in Hudson Strait were selected. The warmer 
than normal summer would also be representative of a warmer Arctic in the future in 
the climate conditions with warming trend. Years 1986 (cold year) and 1998 (warm 
year) were selected for the NWP, and years 1992 (cold year) and 1998 (warm year) 
for Hudson Strait. 
 
The shipping routes in the NWP and Hudson Strait  were defined as ‘arcs’ or lines 
based on actual navigation route coordinates (Figure 1). These lines (trajectories) 
were buffered into 1 km wide polygons using ArcView GIS software. The trajectories 
have associated data attribute tables in ArcView consisting of fields describing the 
location of the trajectory (NWP East, NWP West, Hudson Strait, Hudson Bay Main 
route, Hudson Bay Alternate Route) and the Zone number. It should be noted that the 
route remained fixed over all years of the analysis and no attempt was made to adjust 
the route to avoid ice.  Such adjustment would have increased the complexity and 
difficulty of the analysis. In any case, the use of ice information and appropriate route 
planning is not a requirement of the Zone-Date component of ASPPR. 
 
Melting Degree for 7 different Meteorological stations
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Figure 2: Cumulative Melting Degree (CMD, calculated as Cumulative Air 
Temperature above 0°C) from selected Met Stations (year 1968 – 2004) 
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Average CMD over the whole Canadian Arctic
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Figure 3: Cumulative Melting Degree (CMD, calculated as Cumulative Air 
Temperature above 0°C) averaged over the Canadian Arctic 
 
Digital Regional weekly ice charts from the Canadian Ice Service (CIS) were also 
imported into ArcView and intersected with the trajectory maps (layers). The 
resulting layers’ data attribute table contains attributes from both maps. Figure 4 
shows an example of the route crossing six different ice regimes in one Zone 
(Zone11). The Ice Numerals (IN) for Type B ice class vessel were calculated for each 
ice regime the shipping route crossed based on the ice information obtained from the 
egg code.  
 
 
  
 
Figure 4: Northwest Passage route crossing six different ice regimes within Zone 11 
 
The IN calculated throughout the whole year were compared to the Entry and Exit 
dates of the appropriate Zone. The ASPPR Type B ice class vessel was selected since 
this is the lowest ice class vessel allowed passage through all Control Zones that 
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compose the Northwest Passage (Zones 12, 11, 7, 6, and 13). Table 1 shows Entry 
and Exit dates for Type B vessel as per the Zone-Date System.  Zones 1, 2 and 5 do 
not allow access to Type B vessels, but since these Zones may also fall into the route 
plan of a vessel crossing the Northwest Passage they were analyzed as well. The IN 
calculations are based on the ice charts, which do not indicate ridging or decay, so 
neither ridging nor decay is reflected in the IN values.  Satellite images were used to 
analyze and explain the ice movement and any peculiarities in results, for example a 
sudden drop in the IN value.  
 
Table 1: Zone-Date Table for Type B vessel (Entry and Exit dates) 
 
Zone 
No. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Entry 
Date 
- - Aug 
20 
Aug 
20 
- Aug 
25 
Aug 
10 
Aug 
10 
Aug 
10 
Aug 
1 
July 
15 
July 
1 
July 
15 
July 
1 
July 
1 
June 
20 
Exit 
Date 
  Sept 
5 
Sept 
15 
 Sept 
30 
Oct 
15 
Oct 
31 
Oct 
31 
Oct 
31 
Oct 
20 
Oct 
25 
Oct 
15 
Nov 
30 
Nov 
30 
Nov 
10 
 
The example of analysis in comparing the two systems is shown in Figures 5 to 8. 
Figures 5 and 6 show the range of Ice Numerals in Zone 11 for cold and warm years, 
respectively. The circles represent the Ice Numerals calculated from the CIS ice 
charts. The Regional ice charts for the Canadian Arctic are issued monthly in 
winter/spring season and weekly in summer/fall season. The lowest values of Ice 
Numerals and the highest values of Ice Numerals are connected by a line to highlight 
the range of Ice Numerals throughout the whole year. In some instances the values of 
Ice Numerals are superimposed; therefore a number indicating a count of Ice 
Numerals at that particular value was printed on the circle. Circles without numbers 
represent a single Ice Numeral for that particular value.  
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Figure 5: Range of Ice Numerals calculated from CIS ice charts for NWP shipping 
route in Zone 11, throughout year 1986 (colder than normal in period 1968-2004) 
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Figure 6: Range of Ice Numerals Calculated from CIS ice charts for NWP shipping 
route in Zone 11, throughout year 1998 (warmer than normal in period 1968-2004) 
 
Data shown in Figures 5 and 6 are further analyzed in Figures 7 and 8, respectively. 
These Figures (7 and 8) show a count of negative and positive Ice Numerals for cold 
and warm years, respectively. The purpose of this plot is to illustrate the number of 
positive (passage allowed) or negative (passage restricted) Ice Numerals. Triangle 
symbol represents the number of ice regimes for which the Ice Numeral was negative. 
Square symbol represents the number of ice regimes for which the Ice Numeral was 
positive. The negative and positive counts are connected by lines for better visual 
observation and easier comparison with the Zone-Date window (bold rectangle 
indicating the shipping season for Type B vessel in the Zone 11). 
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Figure 7: Count of negative and positive Ice Numerals calculated from data plotted in 
Figure 5 - NWP shipping route in Zone 11, throughout year 1986 (colder than normal 
in period 1968-2004) 
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Figure 8: Count of negative and positive Ice Numerals calculated from data plotted in 
Figure 6 - NWP shipping route in Zone 11, throughout year 1998 (warmer than 
normal in period 1968-2004) 
 
Zone 11 covers the portion of the Northwest Passage that includes Amundsen and 
Coronation Gulfs. The analysis of data plotted in Figures 5 to 8 showed that negative 
Ice Numerals are encountered early in the Type B season for both colder as well as 
warmer than normal summers in Zone 11. This stems from the fact that the season for 
a Type B vessel in Zone 11 starts prior to the completion of melt of the thick first 
year ice and old ice in Amundsen Gulf in July and early August. However, positive 
numerals are maintained in both the cool and warm summers well into November, 
more than a month beyond the Type B closing. This is because the limiting ice type 
of medium first year ice does not form in Amundsen Gulf until late November. The 
analysis suggests shifting the opening and closing dates to early August to Mid-
November for a Type B vessel in Zone11.  
 
Similar analysis was done for each Zone of the NWP route and the access routes to 
the Port of Churchill in Hudson Strait. The results will be published in the Final 
Report prepared for the Climate Change Action Fund in October 2005. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
A methodology have been developed to compare and analyze two regulatory shipping 
systems, Zone-Date System and AIRSS, across the control zones that compose the 
Northwest Passage and the access routes to the Port of Churchill in Hudson Strait. In 
this analysis, two years were investigated representing colder than normal and 
warmer than normal summers in the period between 1968 and 2004.  This analysis 
has, for the first time, allowed a direct comparison of the two systems.  
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The present analysis uses the existing AIRSS definition of the Ice Numeral, but it 
could not include influence of ridging and decay. The research described by Timco et 
al (2004, 2005) provides an Ice Regime System that is more scientifically accurate. It 
would be possible to use this modified approach to verify Zone-Date System. The 
modified approach takes into account decay and rewards the ice-strengthened vessels 
with reliable navigation equipment and experienced Masters. All years for which the 
CIS ice charts are available could be included in the analysis. Such comprehensive 
analysis will provide a quantitative information on the impact of climate change on 
the Zones and Dates in the Zone/Date System and will be a good basis for providing 
advise to the Transport Canada on the likelihood of the need for regulatory changes 
due to climate change 
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